Abstract: Decubitus is a skin disease that is common in
Introduction
Decubitus is a skin disease which is caused by mechanically induced ischemia. Decubitus is associated with pain, reduced autonomy, social isolation and reduced quality of life, leading to enormous costs for the health care system. In Germany in 2005 12.5 % of all patients within clinics and 6.6 % in nursing homes have been affected by decubitus [1] . The individual risk for development of decubitus can be estimated by different scales (e.g. Braden scale), which are based on several risk factors [2] . Reduced mobility and -as a consequence -continuous pressure to certain skin regions is one of the most important risk factors in all scales. There are several active or passive decubitus mattresses available. Due to high costs, acoustic noise, and potential reduction of autonomous mobility level, such mattresses should primarily be used for persons at very high risk [5] . Other systems for decubitus prevention [6] [7] [8] focus on detection of long term pressure to particular skin regions where the location of the sensor system in the bed can be underneath or above the mattress. Though sensors underneath the mattress are less obtrusive, they are sensible rather to the location of the bed's slatted frame than to the monitored person. On the other hand, location of the sensor mat above the mattress leads to reduced air circulation, vulnerability for fluids, and reduced comfort. There are other approaches, monitoring the number of movements of the patient while lying in bed. This number closely correlates with long term pressure exposure. Motion monitors are used for sleep stage tracking and can be useful for decubitus risk estimation as well [3] . We reviewed various existing sensor approaches for decubitus prevention [4] and we found that up to now no satisfying solution for decubitus risk monitoring and decubitus prevention exists, which fulfils the following basic requirements: sufficient reliability, unobtrusiveness, long term usage, low costs and easy mounting at various types of beds. Therefore, the aim of this study was to develop a decubitus risk assessment and prevention system which is able to fulfil the requirements listed above.
Materials and Methods
A novel sensor system for decubitus risk assessment and prevention has been developed, consisting of an accelerometer and pressure based motion detection system, and a data collection and pre-processing unit (Fig. 1) . Motion detection was done using five 3D accelerometers and four pressure sensors. All sensors were fixed on the mattress with a specially developed belt system. One accelerometer was located on the bottom side of the mattress in the middle of the bed, in between mattress and slatted frame. The other four sensors were located at the top face of the mattress -one in each corner. Figure 1 -Overview of the sensor system, including accelerometers (A), pressure sensors (P) and data collection and pre-processing unit (U) at the bed, and a tablet based home terminal and user interface (T) Pressure sensors were placed underneath shoulders and hips, slightly left and right in between mattress and slatted frame. They were also used for detecting whether a person was present within the bed or not. For collection and pre-processing of the sensor data, an Arduino Mega 2560 board was used. A block diagram of the sensor electronic is shown in Fig. 2 . Whenever a sensor detected a threshold exceedance, time and sensor-ID were sent to an Android tablet via Bluetooth. If no connection was available, events were stored locally on an SD card and transmitted when Bluetooth was re-established.
Results
The sensor system has successfully been implemented, following a user centred design process. During two stakeholder workshops, preliminary prototypes of the system were presented to experts in the field of mobile care and decubitus. Feedback concerning usability, feasibility, earned value, costs and stability was used for further development of the system. Thereafter, comfort of the sensor system was tested for 4 nights by 3 volunteers at their homes. No problems concerning comfort were identified. The detector's feasibility was tested by 10 volunteers (2 f, age 30.6 ± 6.3 y, body weight 76.7 ± 8.2 kg) who followed a pre-defined protocol including 6 micro and 10 macro movements. Sensitivity for macro movements was 1.0. Sensitivity for micro movements was 0.48. The positive predictive value was 0.74. Small movements of the hips could be detected with a sensitivity = 0.85. Sensitivity for movements of head was 0.20 and 0.40 for movements of the arms. Finally, error tolerance was evaluated by simulating five errors: disconnection of accelerometers, disconnection of pressure sensors, restart of the Arduino board, disruption of the Bluetooth connection and restart of the tablet. All errors were logged and resolved correctly. Data were intermediately stored locally without any loss of information, except for loss of sensor connection and shutdown of the Arduino board, which both led to data loss during the error plus 10 s for restarting the system.
Discussion
A system for decubitus risk assessment and prevention based on accelerometer and pressure sensors has been developed and its feasibility has been evaluated. We assume that the system will be useful for home monitoring of people with medium decubitus risk. Sensitivity for macro-movements was 100 % during a feasibility test in the lab. Still, some false positive events were found. These miss-detections are thought not to be caused by systematic errors, but by slight movements of the test persons, which were not part of the protocol. It is known that decubitus is caused by long-term pressure applied to certain skin regions. Therefore, pressure distribution measurement is likely to be more precise than our method. Still, re-positioning-rates are highly correlated with pressure duration, and re-positioning sensors are far easier to implement. Therefore, we intentionally accepted possibly lower sensitivity of our sensor system. Costs of our system are expected to be very low, since accelerometers and pressure sensors are cheaply available.
In case of high numbers of units the pre-processing unit could be produced at very low prizes as well. The critical part in terms of costs would probably be the belt system, which requires cost effective sewing methods.
Up to now, feasibility of the system has only been tested in rather short time periods with young volunteers (around 30 y), i.e. none of them was member of the target group. Therefore, future work is needed for evaluating the system in a real-life scenario. In March 2013 a study in the region of Salzburg (Austria) has started, where the system will be evaluated by 30 persons with medium risk of decubitus.
